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FRONTISPIECE. Lssser scaup use more permanent wetlands and breed in more northern locations than most of the common 
North American ducks. (U.S. Fish and Wildlife Service photo) 
DETERMINANTS OF BREEDING 
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U.S. Fish and Wildlife Service, Northern Prairie Wildlife Research Center, Jamestown, ND 58402 
JAMES W. GRIER 
Zoology Department, North Dakota State University, Fargo, ND 58105 
Abstract: The settling of breeding habitat by migratory waterfowl is a topic of both theoretical and practical 
interest. We use the results of surveys conducted annually during 1955-81 in major breeding areas to examine 
the factors that affect the distributions of 10 common North American duck species. Three patterns of settling 
are described: homing, opportunistic, and flexible. Homing is generally more pronounced among species that 
use more stable (more predictable) wetlands, such as the redhead (Aythya americana), canvasback (A. 
valisineria), lesser scaup (A. affinis), mallard (Anas platyrhynchos), gadwall (Anas strepera), and northern 
shoveler (Anas clypeata). Opportunistic settling is more prevalent among species that use less stable (less 
predictable) wetlands, such as northern pintail (Anas acuta) and blue-winged teal (Anas discors). Flexible 
settling is exhibited to various degrees by most species. 
The 10 species are shown to fall along a natural ordination reXecting diSCerent life history characteristics. 
Average values of indices of r- and K-selection indicated that pintail, mallard, blue-winged teal, and shoveler 
have the most features associated with unstable or unpredictable environments. Gadwall, American wigeon 
(Anas americana), and green-winged teal (Anas crecca) were intermediate, and attributes of the diving ducks 
were associated with the use of stable or predictable nvironments. 
Some species notably mallard, gadwall, blue-winged teal, redhead, and canvasback tend to fill available 
breeding habitat first in the central portions of their range, and secondly in peripheral areas. Other species- 
American wigeon, green-winged teal, northern shoveler, northern pintail, and lesser scaup fill their habitat 
in the order it is encountered uring spring migration. 
Age and sex classes within species vary in their settling pattern. Some of this variation can be predicted 
from the mating systems of ducks in which breeding females, especially successful ones, have a greater 
investment in habitat resources and are more likely to return to the same area in subsequent years. 
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ing estimates of the breeding population 
with measures of productivity (Martin et 
al. 1979). Because reproduction varies 
widely among breeding rounds (Hansen 
and McKnight 1964, Calverley and Boag 
1977, Derksen and Eldridge 1980), un- 
derstanding how ducks distribute them- 
selves throughout their range should pro- 
vide useful information for predicting the 
size of fall populations. At a local level, 
the effectiveness of land management 
techniques to increase numbers and pro- 
duction of ducks depends on the extent o 
which ducks return to the same area in 
subsequent years or seek out new breeding 
locations (Hochbaum 1946). 
Our objectives were to determine co- 
logical and geographic orrelates of the 
breeding distributions of 10 common 
species of North American ducks and to 
relate these to the life history character- 
istics of the species. The species are mal- 
lard, gadwall, American wigeon, green- 
winged teal, blue-winged teal, northern 
shoveler, northern pintail, all of which are 
dabblers (Tribe Anatini), and canvasback, 
redhead, and lesser scaup, all divers (Tribe 
Aythyini). T}ais analysis is restricted to the 
area in North America regularly surveyed 
for breeding ducks (Fig. 1), and data used 
are results of those surveys. 
INTRODUCTION 
The settling of habitat by migratory birds 
within their geographic range represents 
habitat selection on a coarse scale (Johnson 
1980), finer than geographical range, but 
broader than home range and microhab- 
itat. Analysis of settling behavior on this 
scale raises both biological questions and 
management issues. 
On the biological side, there is a consid- 
erable body of theory concerning geo- 
graphic distribution of highly mobile an- 
imals such as birds. Both the ultimate 
factors that influence volutionary fitness 
in the habitat selected and the proximate 
cues used by animals to select habitats have 
been intensively studied. Life history char- 
acteristics of different species have been 
related to habitats occupied by the species; 
much of the discussion on this topic has 
been cast in terms of r- and K-selection (Pianka 1974). Distributions and basic bi- 
ology are particularly well studied in ducks (Johnsgard 1975, Palmer 1976, Bellrose 
1980), thus providing opportunities for de- 
tailed analysis. 
The nature of settling patterns of ducks 
is important to waterfowl managers at both 
continental and local levels. To regulate 
hunting, for example, managers predict 
the size of the fall population by combin- 
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Fig. 1. Strata used in breeding waterfowl surveys. 
We propose 3 patterns that migratory 
birds could use for settling breeding hab- 
itat. We then describe the methods used 
to gather and analyze the data. Distribu- 
tions of breeding ducks are described and 
related to wintering areas and migration 
corridors, local and continental wetland 
conditions, and homing and pioneering 
tendencies of each species. We also de- 
scribe relations among the species and how 
our findings fit with the species' life history 
characteristics. We conclude with some 
implications for management. 
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lesser scaup and American wigeon, re- 
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comments on various drafts of this report 
made by M. G. Anderson, F. C. Bellrose, 
H. Boyd, W. F. Crissey, A. Dzubin, J. L. 
Eldridge, R. R. Koford, G. L. Krapu, J. T. 
Lokemoen, H. W. Miller, J. D. Nichols, T. 
D. Nudds, G. L. Nuechterlein, and A. B. 
Sargeant. M. R. Miller offered numerous 
suggestions that improved the manuscript. 
A THEORY OF SE1TLING 
Migratory birds, by virtue of their mo- 
bility, have many options for selecting 
habitat in which to breed (Fretwell and 
Lucas 1969, Gauthreaux 1980, Bailey 
1981). The quality of a habitat has 2 as- 
pects-the ultimate quality and the prox- 
imate cues by which the birds choose it (Immelmann 1973). 
Ultimate factors are those that affect 
long-term survival and reproductive suc- 
cess. Optimal habitat for survival of the 
adult may differ from the optimum for 
reproduction; requirements for reproduc- 
tion tend to be more stringent. Not only 
must the bird be safe from predation, but 
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so must the eggs and ducklings, life stages 
that are highly vulnerable. Food supplies 
must include the minimum for adult sur- 
vival, as well as adequate calcium, protein, 
and energy for egg production (Holm and 
Scott 1954, Krapu 1979), and nutrients for 
the growth and development of young. 
Proximate cues used by ducks to iden- 
tify suitable breeding areas are unknown, 
but are thought o be indirect and related 
strongly to wetland features. Empirical 
evidence comes from studies in which wet- 
lands were created or markedly improved, 
often leading to large increases in the num- 
ber of breeding ducks (e.g., Hochbaum 
1946, Hochbaum and Bossenmaier 1972, 
McKnight 1974). Although ducks typically 
use a variety of wetlands during the breed- 
ing period (Dzubin 1969, Dwyer et al. 
1979), many of which do not persist for 
the entire breeding season, the conditions 
of wetlands in spring offer good cues to 
pond conditions in the subsequent summer (Leitch and Kaminski 1985). The custom- 
ary measure of wetland quantity in exten- 
sive waterfowl studies is the number of 
wetland basins that contain water during 
some survey period, typically May (Cris- 
sey 1969). 
We hypothesize 3 patterns of settling 
behavior and the ecological and species 
characteristics a sociated with each pat- 
tern: (1) homing, (2) opportunistic settling, 
and (3) flexible settling. It could be ad- 
vantageous, however, for different age or 
sex classes within a species to follow dif- 
ferent patterns. 
Homing 
One pattern is always to home, that is, 
for adults to return to the breeding area 
used the previous year and for yearlings 
to return to their natal area. Such philo- 
patry has been termed "migrational hom- 
ing" (Sowls 1955). Homing can be pre- 
dicted if the temporal variability of 
resources i  low, but would not be advan- 
tageous otherwise (Greenwood and Har- 
vey 1982). Simply if the birds' essentials 
are provided each year, there is no advan- 
tage to switching breeding areas 
Opportunistic Settling 
The second pattern is for a bird to settle 
in the first site encountered along its mi- 
gration path that appears to offer the req- 
uisites for survival and breeding. This pat- 
tern is akin to the "facultative migration'> 
of Pulliam and Parker (1979) and would 
be appropriate if habitat conditions are 
unpredictable from year to year. More- 
over, opportunistic settling minimizes any 
migration costs. Dispersal, such as caused 
by opportunistic settling, is an important 
means of adjusting to major changes in 
birds' habitats and is especially important 
in spatially heterogeneous habitats (Gau- 
threaux 1980, 1982). One manifestation of
opportunism is frequent pioneering, the 
movement of birds into habitats that were 
unavailable or not occupied during the 
previous year. Pioneering has been docu- 
mented by anecdotes attributing increases 
in duck numbers in a local area as a rapid 
response to improved habitat and by 
large-scale surveys that show a redistri- 
bution of ducks from 1 year to the next 
when wetland conditions in part of the 
area change markedly. 
Flexible Settling 
A mixed pattern is for a bird to home 
to the area used the previous year, but 
move on (i.e., become opportunistic) f that 
habitat is not suitable. Drought displace- 
ment (the overflight of normal breeding 
areas) is included here. The pattern is sim- 
ilar to the <'iElexible homing" to wintering 
areas discussed by Bellrose and Crompton 
(1970) and can be viewed as a compromise 
between homing and opportunistic set- 
tling. The habitat chosen after moving on 
may enhance survival of the adult but re- 
duce reproductive performance. Drought- 
displaced birds are reported to have low 
reproductive successs (Hansen and Mc- 
Knight 1964, Murdy 1966, Calverley and 
Boag 1977, Derksen and Eldridge 1980), 
and wetlands in areas frequented by 
drought-displaced nonbreeding birds are 
typically less productive than those used 
by breeding birds (Murdy 1966). 
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In North America most drought-dis- 
placed ducks are thought o move north- 
ward or northwestward (Hansen and 
McKnight 1964, Crissey 1969 Smith 1970), 
although Stoudt (1971) suggested that blue- 
winged teal may move southward. Evi- 
dence for drought displacement arises from 
the following 2 sources: (1) local studies in 
northern areas that show greater densities 
of ducksS and sometimes the presence of 
species not usually found there, in years 
of drought in the prairie and parkland 
(Hansen 1960} Hansen and McKnight 1964> 
Derksen and Eldridge 1980); and (2) ex- 
tensive surveys that show greater propor- 
tions of ducks in northern areas than in 
prairie and parkland uring years of se- 
vere prairie drought (Hansen and Mc- 
Knight 1964, Crissey 1969, Smith 1970). 
Life History Characteristics 
Ecologists long have recognized that 
many life history characteristics are asso- 
ciated with one another, e.g., longevity and 
fecundity. Efforts have been made to re- 
late suites of characteristics to features of 
the habitat used by the animals, specifi- 
cally contrasting highly variable (and un- 
predictable) nvironments with those more 
stable (and predictable) (e.g. Pianka 1974). 
Comparisons often have been cast in terms 
of r- and K-selection (MacArthur and Wil- 
son 1967), commemorating the parame- 
ters of the logistic equation of the growth 
of populations subjected to high levels of 
density-independent (r-selected popula- 
tions) or density-dependent (K-selected 
populations) mortality (Stearns 1977, Boyce 
1984). The introduction of these parame- 
ters has brought much controversy to the 
discussion of covarying life history char- 
acteristics. Pending a resolution of this 
controversy we will use the expressions, 
r-selection and K-selection, to refer tQ pOp- 
ulations that are influenced relatively more 
by factors that operate in a density-inde- 
pendent manner and populations more in- 
flueneed by density-dependent factors, re- 
spectively. 
The settling pattern of a species may be 
related to the stability of the habitat it 
selects. The theory of settling Earesented 
here suggests that opportunistic responses 
to habitat change will be associated with 
the use of variable habitats and with rel- 
atively r-selected species, and that homing 
will be associated with the use of stable 
habitats (e.g., Wiens 1976) and with rel- 
atively K-selected species. We hypothesize 
that a given settling pattern or selected 
breeding habitat is within a suite of life 
history characteristics that can be regard- 
ed as relatively r-selected or K-selectedS 
while recognizing that other kinds of se- 
lection could have caused these suites to 
covary (Stearns 1977). If we are correct, 
then species of ducks could be arrayed 
along an axis that reflects ettling pattern 
and habitat selection; this axis would cor- 
respond to an axis of r- and K-selection. 
Several authors (Patt&rson 1979 Bailey 
1981, Vickery and Nudds 1984) have done 
related comparisons, mostly attempting to 
place duck species along a continuum of 
r- and K-selection. 
METHODS 
Survey Design 
Each year ducks and ponds are counted 
in the major North American breeding 
areas. The survey design and data gath- 
ering techniques were described in detail 
by D. C. Bowden (Review and evaluation 
of May waterfowl breeding ground sur- 
vey, unpubl. rep., U.S. Fish and Wlldl. 
Serv., Patuxent, Laurel, Md* 1973) Anon- 
ymous (1977) and Martin et al. (1979). 
The region from which samples are 
drawn consists of about 3.03 million kmS (1.17 million sq miles) in the north-central 
United States, the prairie provinces and 
Northwest Territories of Canada and 
Alaska (Fig. 1). About 78-84% of North 
American mallards breed within the sur- 
veyed area (Pospahala et al. 1974; R. S. 
Pospahala, unpubl. memorandum 1985). 
Because the other 9 species have breeding 
ranges more restricted to that area (Bell- 
rose 1980) even greater percentages of 
their continental populations probably nest 
in the surveyed area. 
- 
Name 
Kenai-Susitna 
- 
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Table 1. Strata used in May waterfowl surveys: name, area, number of transects, and area sampled, 195541. 
No. of Area 
Area tran- sampled 
(sq miles) sectsa (sq miles) 
2,200 6 40 
3,900 10 52 
9,300 18 132 
0,800 12 80 
3,400 7 44 
4,100 10 80 
400 1 20 
9,900 1l 92 
26,600 8 260 
3,850 4 24 
5,350 7 48 
1,970 3 36 
4,935 4 36 
79,217 8 364 
50,462 2 108 
57,821 4 94.5 
69,033 5 297 
,733 3 27 
63,861 8 688.5 
1,625 4 31.5 
44,922 1l 382.5 
20,278 6 166.5 
68,320 6 297 
83,794 8 490.5 
6,816 6 117 
26,448 6 265.5 
,724 3 144 
2,890 3 135 
3,235 4 171 
18,570 4 162 
21,086 5 135 
37,911 14 571.5 
,345 6 90 
3,164 5 175.5 
9,044 6 126 
5,500 3 58.5 
6,485 4 130.5 
5,655 3 54 
6,552 5 121.5 
4,536 4 67.5 
32,902 7 504 
40,755 7 364.5 
19,835 5 175.5 
27,299 5 216 
26,625 7 310.5 
4,238 8 270 
7,821 6 45 
24,587 9 315 
Stratum 
2 
3 
4 
s 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Nelchina 
Tanana-Kuskokwim 
Yukon Flats 
Innoko River 
Koyukuk River 
Copper River Delta 
Bristol Bay 
Yukon Delta 
Seward Peninsula 
Kotzebue 
Old Crow Flats 
Mackenzie River Delta 
Northwest Territories Forest Tundra 
Northwest Territories Forest Tundra 
Slave River Parklands 
Northwest Territories Closed Forest and Forest Tundra 
Northwest Territories Pre-Cambrian Edge 
North Alberta Parklands and Closed Forest 
Athabasca River Delta 
Northern Saskatchewan Mixed Forest 
Northern Saskatchewan Mixed Forest 
Northern Saskatchewan Pre-Cambrian Shield and Mixed 
Forest 
Manitoba Pre-Cambrian Shield, Muskeg, and Mixed Forest 
Saskatchewan River Delta 
Alberta Parklands 
Alberta Prairie 
Alberta Prairie 
Alberta Prairie 
Southern Saskatchewan Mixed Forest (west) 
Southern Saskatchewan Mixed Forest (east) 
Saskatchewan Prairie 
Cypress Hills 
Saskatchewan Parklands 
Saskatchewan Parklands 
Manitoba Interlake Region 
Manitoba Interlake Region 
Manitoba Parklands 
Manitoba Parklands 
Manitoba Parklands 
Montana North River 
Montana South River 
North Dakota West River 
South Dakota West River 
Drift Prairie and Missouri Coteau (ND) 
Drift Prairie and Missouri Coteau (ND) 
Red River Valley (ND) 
Missouri Coteau, James River Valley, and Prairie Coteau 
(SD) 
South and Eastern South Dakota 
nsects than indicated were surveyed in some years. 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
Total 
a Fewer trar 
15,830 
1,168,624 
11 171 
8,787.5 
Table 2. Years in which waterfowl breeding-pair surveys and 
pond surveys were initiated, by stratum. 
Strata Breeding pairs Ponds 
1-11 1957 Not done 
12-20 1956 Not done 
21-25 1955 Not done 
26-40 1955 1955 
41-42 1965 1965 
43,45 - 47 1958 1958 
44,48-49 1959 1959 
a Data missing in 1963, 1965, and 1966 for stratum 43. 
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The region is divided into 49 strata (Ta- 
ble 1), ranging in size from 1,036 to 424,400 
km2 (400-163,861 sq miles). Stratification 
is based both on political boundaries and 
on geographical differences in duck den- 
sities (Stewart et al. 1958). Anderson and 
Henny (1972) briefly described major wa- 
terfowl habitats in the surveyed area. Wa- 
terfowl counts within the various strata 
were initiated in years ranging from 1955 
to 1965 (Table 2). We used data through 
1981. 
Within each stratum, a systematic sam- 
ple of transect lines was drawn. The start- 
ing line was selected randomly (Martin et 
al. 1979). Transects are 400-m (0.25-mile) 
wide and of variable length. Aerial counts 
of ducks and ponds are conducted each 
year along each transect, and a subsample 
of portions of transects i  canvassed on the 
ground for ducks. 
Aerial Counts 
Fixed-wing aircraft are used in the ae- 
rial counts and are flown along the tran- 
sects at a height of 30-46 m (100-150 feet) 
above ground and at a ground speed not 
to exceed 169 km/hr (105 miles/hr). Dates 
of the survey, in May, are standardized to
conform to geographical differences in 
phenological events. Time of the survey 
and flight conditions are also prescribed. 
The aircraft pilot and another observer 
record all identifiable ducks within tran- 
sect boundaries (200 m = 0.125 mile on 
either side of the flight line). Unidentified 
ducks are not recorded. Factors influenc- 
ing aerial counts were described by Mar- 
tinson and Kaczynski (1967). 
Ground Counts 
To estimate the proportion of ducks 
present hat are seen and identified by the 
aerial survey crew, ground counts are con- 
ducted on certain segments of some tran- 
sects. Ground counts are not made in the 
northern areas (strata 1-25) because of in- 
accessibility. Crews of 2-4 biologists make 
ground surveys, preferably the day after 
the aerial survey. Efforts are made to cen- 
sus all ducks within the boundaries of the 
sample unit. 
The ratio of birds of each species count- 
ed on the ground to the number counted 
from the air, taken over several segments 
within a group of strata, is termed the "vis- 
ibility rate," although its reciprocal might 
more aptly bear that name. Visibility rates 
are calculated by species and year for 
groups of strata. For the northern strata, 
where ground surveys are not conducted, 
visibility rates are taken as the long-term 
average from strata where they are deter- 
mined. 
Pond Counts 
During May aerial surveys, a count of 
pond basins containing water is made in 
strata 26-49. Included in the tally are nat- 
ural wetlands of types III, IV, and V (Shaw 
and Fredine 1956), which are basins that 
are inundated seasonally, semipermanent- 
ly, or permanently, respectively. Streams 
and rivers that meander across the transect 
are counted each time they enter the tran- 
sect. Also included in the pond count are 
man-made wetlands uch as stock dams, 
dugouts, and large ditches that maintain 
water into summer. Water areas excluded 
from the count are temporary wetlands 
and sheet water (expected to persist 93 
weeks), roadside or borrow ditches, and 
muskeg areas. Water bodies in the north- 
ern strata (1-25) are more permanent than 
those in prairie and parkland strata and, 
therefore, are not counted. Pond counts for 
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strata 26-49 were initiated at various times 
during the 1955-65 period (Table 2). 
Computations 
Counts of ducks (by species) and areas 
surveyed are summed across all transects 
within a stratum, and their ratio, multi- 
plied by the visibility rate, is termed the 
adjusted density. Adjusted ensity, mul- 
tiplied by area of the stratum, yields the 
estimated population i  a stratum. The sum 
of these values across all strata is the es- 
timated population within the surveyed 
area. A similar method is used to deter- 
mine pond count, except hat no correction 
for visibility is made. 
Analysis of Pond Counts 
Pond counts provide the only index to 
breeding habitat available for most of the 
surveyed area. Counts in a stratum for a 
particular year are divided by the area 
surveyed within that stratum to produce 
an estimate of pond density. Pond densities 
varied by year and even more so by stra- 
tum. 
Because pond counts in different strata 
were initiated at various times during the 
1955-65 period, the data were unbal- 
anced, as not all strata were surveyed in 
all years. As a result, the usual averages by 
year or by stratum may be misleading. To 
overcome problems resulting from this im- 
balance, we calculated Least Squares (LS) 
means, in addition to the usual means. LS 
means are based on an assumed linear 
model, in this case representing pond den- 
sity as an additive combination of effects 
due to stratum and to year. LS means by 
year, as an example, are calculated by add- 
ing the intercept of the linear equation, 
the effect for the desired year, and the 
average of all stratum effects. This method 
is employed by the SAS GLM procedure (SAS Institute, Inc. 1982). The linear mod- 
el of pond densities, with 26 year terms 
and 23 stratum terms, produced a coeffl- 
cient of determination R2 = 0.75 for the 
601 observations. 
Breeding-season Distribution, 
Wintering Areas, and 
Migration Corridors 
Breeding-season distributions of ducks 
were examined by computing the average 
adjusted ensity of each species for each 
of the 49 strata (averaged across all years 
that strata were surveyed). Densities were 
ranked and plotted on maps according to 
the quartile in which they fell: highest 12, 
second highest 12, third highest 12, and 
lowest 13. Plotting according to quartiles 
facilitated the comparison of distributions 
among species despite differences in av- 
erage density. 
The direction from which ducks ap- 
proach their potential breeding round was 
detemined by their wintering area and mi- 
gration route. The paths they traverse on 
their spring trips converge within rather 
well-defined migration corridors (Bellrose 
1980). Most are generally north-south or 
northwest-southeast in orientation, but 
lateral movements are fairly common. 
Patterns of use of migration corridors 
for the 10 species were determined from 
information summarized by Bellrose (1980). We estimated the proportions of 
members of a particular species that return 
to their major breeding grounds through (a) southern or southeastern corridors, en- 
tering through the Dakotas, and (b) west- 
ern or southwestern corridors, entering 
through a northwestern Montana or A1- 
berta portal. The importance of migration 
corridors to our analysis is that they affect 
the way the population may be distributed 
relative to the habitat; for example, a pin- 
tail migrating directly from California to 
Alberta is less likely to be affected by wet- 
land conditions in South Dakota than would 
one returning from a wintering area in 
Texas. 
Relations of Ducks with Local 
and Continental Ponds 
To determine how local wetland con- 
ditions affected the distribution of ducks, 
we calculated the correlation coefficient 
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between the density of each species and 
the density of ponds among years within 
each transect and stratum. This coeff:icient 
indicates how duck numbers and pond 
numbers varied together from year to year 
within a transect. For analysis, we aver- 
aged correlation coefflcients over all tran- 
sects within a stratum. We calculated me- 
dians, means, and weighted means, where 
the weight was the number of years on 
which the correlation coefficient was based. 
All 3 measures performed similarly, and 
medians are used in the following analyses. 
Duck distributions may depend not only 
on local habitat conditions but also on con- 
ditions elsewhere in the breeding range, 
especially during drought. To assess this 
effect, we calculated a measure of total 
ponds for the pond-surveyed area (strata 
26-49). For any year, this measure was the 
pond density for a stratum multiplied by 
the area of that stratum, and then summed 
over all strata. We used only the data for 
1966-81, the period during which ponds 
were counted throughout strata 26-49. 
Correlation coefflcients between the den- 
sity of each species and the total pond count 
were calculated for each species over all 
years within a transect and stratum. The 
median of these coefflcients across tran- 
sects within a stratum was used as a mea- 
sure of how a species in that stratum varied 
in relation to total ponds. 
Relations to Life History 
Characteristics 
We attempted to measure several ife 
history characteristics for each species. We 
quantified the stability or predictability of
each species' habitat by developing an in- 
dex to the permanence of basin wetlands 
used by the species in an extensive study 
by Stewart and Kantrud (1973) in North 
Dakota. Cropland ponds were scored 2, 
seasonal ponds were scored 3, and semi- 
permanent ponds and reservoirs were 
scored 4. The weighted average was mul- 
tiplied by -0.1; high negative values of 
the resulting index thus suggest consider- 
able use of stable habitats (hypothetically, 
a K-selected attribute). The relative xtent 
of opportunism in the response to habitat 
change was indexed by the median cor- 
relation between duck densities and pond 
densities; high values here suggest an ad- 
aptation to unpredictable nvironments 
(hypothetically, an r-selected attribute). 
We predict hat these 2 measures are re- 
lated to each other. 
RESULTS 
Dynamics of the Wetland Habitat 
Average pond densities varied widely 
among the strata. Highest densities were 
observed in southwestern Manitoba nd 
southeastern Saskatchewan and lowest 
densities along the eastern and western 
edges of the Dakotas and in Montana (Fig. 
2). 
Variation among years in pond counts 
was expected, as the prairie and parkland 
area is well known for recurring droughts 
and intervening wet periods. LS means 
were lower than ordinary means, espe- 
cially in the first few years (Fig. 3). Surveys 
were begun during a very wet period; pond 
densities never again reached the numbers 
attained in 1955. After a decline from 1955 
to 1959, densities of ponds have oscillated 
around a mean of about 4/km2 (10/sq 
mile). 
Breeding Distributions 
of the Species 
Mallard. Mallards attained highest 
densities in prairie and parkland of the 
southern prairie provinces and in the Cop- 
per River and Athabasca River deltas (Fig. 
4A). Within the prairie and parkland area, 
densities decreased with distance from 
strata of highest densities. 
Most mallards winter in the south-cen- 
tral United States. We estimate from in- 
formation i  Bellrose (1980) that about 70% 
of wintering mallards return in the spring 
through the southern entry, or portal (the 
Dakotas), versus about 30% from Califor- 
nia and the Pacific Northwest through the 
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Ea hi9hest quartiie 
second quartile 
Fig. 2. Pond density by stratum, 1955-81. 
a3 third quartile 
;1 lowest quartile 
western portal. Thus most mallards ini- 
tially are exposed to wetland conditions in 
the southern portion of the surveyed area. 
Mallard ensities varied with local pond 
counts, the median correlation coefficient 
being 0.417 (Table 3). Highest correlations 
were in Alberta prairie and Saskatchewan 
parkland, but consistently high values were 
calculated for the southern portion of the 
prairie provinces, where mallards were 
very common, and in the Dakotas (except 
the 2 easternmost rata), where they were 
not as common (Fig. 4B). 
Mallard densities covaried positively 
with total ponds in much of their primary 
range (Fig. 4C). Correlations tended to be 
negative in many strata in Alaska nd the 
Northwest Territories, as well as in central 
Manitoba nd east-central Saskatchewan, 
suggesting that those areas are destinations 
of mallards displaced by drought in the 
southern prairie-parkland breeding range. 
Female mallards, especially those that 
were successful in hatching a clutch the 
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Fig. 3. Pond density (ponds/km2) by year. 
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Table 3. Medians and interquartile ranges of correlation coef- 
ficients between duck densities and local pond densities, by 
16 
species, 1955-81. 
S. 
pecles 
Mallard 
Gadwall 
American wigeon 
Green-winged teal 
Blue-winged teal 
Northern shoveler 
Northern pintail 
Redhead 
Canvasback 
Scaup 
. 
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walls arriving in spring are first exposed 
to wetland conditions near the southern 
portal. 
Numbers of gadwalls were not as closely 
correlated with local pond numbers as were 
mallards (Table 3). Correlation coefflcients 
were highest in the central Dakotas (Fig. 
5B), and fairly high in most strata where 
gadwalls were common. 
Gadwall densities were associated pos- 
itively with total ponds in only 5 strata in 
the southern prairie provinces and in east- 
ern North Dakota (Fig. 5C). Negative cor- 
relations were found in many strata in cen- 
tral Canada as well as in western South 
Dakota, suggesting that these strata re- 
ceive drought-displaced gadwalls. 
Gadwalls, especially successfully breed- 
ing females, have fairly strong homing ten- 
dencies (Table 4). Often, however, they do 
not home until their second year, the age 
at which many gadwalls first breed (J. T. 
Lokemoen, H. F. Duebbert, and D. E. 
Sharp, Reproductive strategies of prairie 
mallards, gadwalls, and blue-winged teal, 
unpubl. manuscript, U.S. Fish and Wildl. 
Serv., Jamestown, N.D.). 
We conclude that most successful fe- 
male gadwalls return to areas used the pre- 
vious year. Young gadwalls and unsuc- 
cessful breeders likely settle in response to 
wetland conditions in their primary range, 
especially in the southern part, judging 
from the pattern of correlation coefflcients 
between gadwall densities and wetland 
counts. When many ponds are dry in the 
prairies, more gadwalls are counted in cen- 
tral and northern Canada. 
American Wigeon. This species 
reached high densities in the southern 
prairie provinces but was often abundant 
in the north as well (Fig. 6A). Wigeon were 
uncommon south of Canada. Within prai- 
rie and parkland habitats, densities tead- 
ily declined away from the area of highest 
density, much like the mallard and gad- 
wall. Wigeon winter throughout the south- 
ern United States, along the Yucatan Pen- 
insula of Mexico, and in the Caribbean. 
Numbers of spring arrivals using the south- 
ern corridors probably slightly outnumber 
those entering from the southwest (Bell- 
rose 1980). An additional few may migrate 
Correlations with pond densities 
Interquartile 
Median range 
0.417 0.159 
0.228 0.205 
0.143 0.208 
0.199 0.181 
0.390 0.172 
0.388 0.200 
0.547 0.157 
0.154 0.220 
0.192 0.191 
0.145 0.182 
previous year, home at fairly high rates (Table 4). Males home at much lower rates, 
presumably because pairing occurs during 
winter or spring migration, and the female 
leads the male to the breeding ground 
(McKinney 1965). 
We conclude that mallards tend to re- 
turn to breeding areas in the northern states 
and southern prairie provinces. When wet- 
land conditions in these strata are not fa- 
vorable, more mallards than usual show 
up in northern and northeastern strata. If 
successfully breeding female mallards 
home at a high rate, dispersing females 
likely are mostly yearling birds or unsuc- 
cessful breeders. Because correlations with 
ponds are higher in the primary range of 
the mallard than in the southern portion, 
we suggest hat northward-migrating mal- 
lards do not fill the habitat as they en- 
counter it from the south, but instead fill 
the core area first. 
Gadwall.- This species had a primary 
range centered southward of the mallard's, 
and was most common in the central Da- 
kotas and the southern prairie provinces (Fig. 5A). The gadwall was less common 
than mallards in the northern strata. As 
with the mallard, highest density strata 
were surrounded by strata with moderate 
density, and densities were lower farther 
away. 
Gadwalls winter mostly in Louisiana and 
Texas. Perhaps 90% of spring-arriving 
gadwalls pass through the southern portal 
and only 10% come through western Mon- 
tana or Alberta (Bellrose 1980). Most gad- 
Table 4. Reported return rates for 10 species of ducks, by age and sex,a 1955-81. 
Adult Yearling 
Female Male Female Male 
Species % n % n % n % n Study 
Mallard 13 + 15 
a Reported rates are minimal estimates of homing rates, as they do not account for mortality between seasons or for birds that may have homed 
but were not seen. 
b Captive-reared. 
c Successfully nested previous year. 
dJ. T. Lokemoen, H. F. Duebbert, and D. E. Sharp, Reproductive strategies of prairie mallards, gadwalls, and blue-winged teal, unpubl. 
manuscript, U.S. Fish and Wildl. Serv., Jamestown, N.D. 
49 9 351 
e Did not successfully nest previous year. 
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42 
46 
58 
60c 
24 
113 
19 
68 
Sb 20 Ob 13 Sowls (1955) 
Coulter and Miller (1968) 
5+ 140 Doty and Lee (1974) 
14 14 Bishop et al. (1978) 
31 48 Lokemoen et al. (unpubl. 
manuscript)d 
Lokemoen et al. (unpubl. 
manuscript)d 
12 8 Ob 9 Sowls (1955) 
Gates (1962) 
21 164 Lokemoen et al. (unpubl. 
manuscript)d 
Lokemoen et al. (unpubl. 
manuscript)d 
7 28 2 42 Blohm (1978, 1979) 
33 3 0 6 R. A. Wishart (pers. commun.) 
26 119 
37 16 
29 52 
66C 90 
Gadwall 
40e 101 
41 
38 
54 
21 
9 
9 
236 
11 American 
wigeon 
Green-winged 
teal 
Blue-winged 
teal 
Northern 
shoveler 
Northern 
pintail 
Redhead 
Canvasback 
Lesser 
scaup 
No information No information 
Ob 1 9 Sowls ( 1955) 
McHenry (1971) 
Lokemoen et al. (unpubl. 
manuscript)d 
Ob 12 SOW1S ( 1955) 
1 134 Poston (1969) 
2b 132 Sowls (1955) 
Johnson (1978) 
Alliston (1979) 
Bellrose (1980) 
1 206 Anderson (1985) 
0 557 Trauger (1971) 
4 91 A. D. Afton (pers. commun.) 
14 
o 
5 
42 
15 
39 
70 
70 
75 
76 
20 
66 
58 
16 
Ob 
Ob 
1+ 
30 
200 
226 
143 
19 
20 
44 
23 
74 
12 
75 
330 
58 
8b 12 
11 19 3 116 
13b 1 15 
15 92 
24 
27 
12 
50 
101 
626 
76 
10 52 
34 3 
to breeding rounds in the parklands di- 
rectly from wintering locations in the Mid- 
dle Atlantic States (Bellrose 1980). 
Wigeon densities generally did not cor- 
relate closely with local pond densities (Ta- 
ble 3). The highest correlations between 
wigeons and local ponds were in western 
South Dakota nd in the southwestern part 
of the prairie provinces (Fig. 6B). This pat- 
tern is consistent with the large migration 
of wigeon through the western portal. 
Higher correlation coefficients between 
wigeon and ponds were associated with 
strata with high densities of the species, 
except that wigeon were common in 3 
parkland strata in Alberta and Saskatch- 
ewan, but correlations there were low. 
Wigeon densities correlated positively 
with total ponds in many strata of the cen- 
tral portion of its range (Fig. 6C). They 
were negatively associated in many strata, 
particularly those on the eastern edge of 
its range and in the north. 
The few appreciable correlations be- 
tween wigeon numbers and ponds were in 
the southwestern portion of their range, 
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mostly south of the area of highest den- 
sities. When total pond numbers were high, 
wigeon densities were depressed not only 
in many strata in the north, but also in 
several along the eastern edge, suggesting 
drought displacement both northward and 
eastward. The limited evidence suggests 
fairly strong homing by the species (Table 
4). We suggest hat wigeon arrive on their 
breeding rounds from the south and the 
southwest; many remain in strata initially 
encountered if pond conditions there are 
satisfactory (thus accounting for the high 
correlations with ponds there); otherwise, 
they overfly to the north and east. 
Green-upinged Teal. This species had 
a distribution centered farther north than 
the other dabbling ducks. Only 4 of the 
strata with highest densities were in the 
southern prairie provinces (Fig. 7A). 
Green-winged teal winter over a broad 
range in the southern United States and in 
Mexico. About 75So of wintering birds re- 
turn to the major breeding rounds via the 
southern corridors. Most of the rest winter 
in the western states or western Mexico 
and move into Montana, Alberta, or north- 
ern breeding areas through awestern por- 
tal (Bellrose 1980). 
This species exhibited modest but con- 
sistent correlations between its density and 
local pond density except in the eastern 
and northern portions of the area in which 
ponds were surveyed (Fig. 7B; Table 3). 
Correlations tended to be high in the 
southwestern strata (especially eastern 
Montana nd western South Dakota), al- 
though the species was uncommon there. 
Green-winged teal populations dis- 
played positive associations with total ponds 
throughout much of the southern prairie 
provinces, in northern Montana, and in 
eastern North Dakota (Fig. 7C). Negative 
correlations occurred in many northern 
strata. 
Information on homing tendencies for 
green-winged teal is lacking (Table 4). We 
suggest hat the majority of birds arriving 
in spring from the south settle in fairly 
good numbers in southern strata, if pond 
conditions there are favorable. Otherwise 
they proceed farther north. Many green- 
winged teal move to northern strata re- 
gardless of pond conditions to the south. 
Blue-winged Teal.-Blue-winged teal 
had a distribution much like that of gad- 
wall, with highest densities mostly in the 
prairie and parkland of Canada and the 
Dakotas (Fig. 8A), and was uncommon in 
the far-northern strata. 
Most blue-winged teal winter in Central 
America or northern South America. Mod- 
est numbers are found in Mexico and in 
the Gulf Coast States (Bellrose 1980). A1- 
though a few may enter the major breed- 
ing area directly from the east, almost all 
return in the spring through the southern 
portal and are first exposed to wetlands in 
the Dakotas. 
Densities of this species varied markedly 
with local pond counts (Table 3). Consis- 
tently high correlations were found in most 
strata where the species was common (Fig. 
8B). Exceptions were in several strata long 
the northern and eastern edges of the core 
area that had large numbers of blue-winged 
teal, but teal numbers were not strongly 
associated with pond densities. 
Blue-winged teal densities were posi- 
tively related to total ponds in the eastern 
portion of the southern prairie provinces, 
northern Montana, all of North Dakota, 
and western South Dakota (Fig. 8C). Neg- 
ative correlations were detected in the 
northern strata within its range and in the 
southern Alberta prairie, suggesting these 
strata s ultimate locations of drought-dis- 
placed birds. Blue-winged teal numbers 
were greater in strata in Alaska when the 
total number of ponds was low (Hansen 
1960). Stoudt (1971) suggested drought 
displacement also to the south. 
Breeding blue-winged teal are not 
philopatric (Table 4). In fact, they are con- 
sidered strong pioneers; Bellrose (1980) re- 
ported several instances in which teal nest- 
ed well outside their normal breeding range 
in response to newly flooded habitat. 
Although not conclusive, the fact that 
correlations with pond counts were more 
related to average density of blue-winged 
teal than to latitude suggests that the birds 
do not simply fill their breeding habitat as 
they encounter it, but occupy the primary 
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area first. If conditions there are not fa- 
vorable, they move northward, or possibly 
back south. 
Northern Shoveler.-Shovelers reached 
highest densities mostly in the prairie and 
parkland strata of the southern prairie 
provinces and central North Dakota (Fig. 
9A). Average densities tended to decline 
away from the primary breeding area. 
Shovelers winter mostly in California, 
the west coast of Mexico, and the Gulf 
Coast of Texas and Louisiana (Bellrose 
1980). Nearly 60% of them probably re- 
turn in spring through the southern portal, 
and most of the rest enter through the 
western portal. 
Densities of this species varied markedly 
in response to local pond numbers (Table 
3). Correlations were greatest where shov- 
elers were common, except in strata long 
the northeastern edge of the primary area, 
where shovelers were common but did not 
correlate highly with ponds (Fig. 9B). 
There was a clear distinction between 
the southern part of the shoveler's range, 
where it tended to correlate positively with 
total ponds, and the northern portion, 
where the reverse held (Fig. 9C). Drought- 
displaced birds seem to settle northwest, 
north, and northeast of the primary area. 
Although shovelers home at a fairly high 
rate (Table 4), they respond positively to 
pond conditions, particularly inthe south- 
ern and western part of the surveyed area. 
The pattern of correlations i consistent 
with the idea that there are 2 pathways 
into the breeding range, one from the south, 
the other from the west. Birds arriving 
from either direction may settle in the 
southern or western strata, if ponds there 
are adequate; otherwise, they move on to 
the northwest, north, or northeast. 
Northern Pintail. Pintails reached 
very high densities in several northern 
strata as well as in the southwestern part 
of the prairie provinces (Fig. lOA). Within 
the prairie and parkland region, densities 
tended to decline away from the primary 
breeding area. 
The pintail is the most numerous win- 
tering species in California. Additional 
pintails winter in Mexico and along the 
Gulf Coast (Bellrose 1980). It appears that 
only about 40% of spring migrants use the 
southern portal to the breeding grounds; 
the remainder use the western portal or 
proceed directly to far-northern breeding 
grounds. 
Densities of this species covaried with 
local pond densities in the surveyed area 
more closely than any other species (Table 
3). Correlations were consistent through- 
out that area (Fig. 10B), but tended to be 
larger where pintails were most common. 
Correlations were high also in western and 
central South Dakota, although pintail 
densities there were low. 
The pintail exhibited very strong posi- 
tive correlations with total ponds through- 
out the southern part of its range (Fig. 
10C). In the northern strata, associations 
were clearly negative. 
Pintails may home at a high rate when 
habitat conditions are stable (Sowls 1955, 
Bellrose 1980). Henny (1973) suggested 
that pintails that overfly to the north in 1 
year are likely to return there the next, 
even if wetland conditions in the south 
improve. Nonetheless, pintails generally 
prefer temporary wetlands (Smith 1970, 
Stewart and Kantrud 1973); therefore, 
homing likely occurs at a low rate. In fact, 
pintails have responded opportunistically 
to newly available wetlands (Stoudt 1971, 
Hochbaum and Bossenmaier 1972) and 
appear to be highly sensitive to drought 
conditions (Crissey 1969, Smith 1970, 
Henny 1973, Derksen and Eldridge 1980). 
A reasonable hypothesis that pintails en- 
tering along the southern corridor espond 
initially to wetland conditions in South Da- 
kota, next to conditions in North Dakota, 
and eventually proceed northward. Birds 
arriving from the southwest are influenced 
initially by wetland conditions in south- 
eastern Alberta and southwestern Sas- 
katchewan. Ifconditions there are not suit- 
able, they move northward. Many pintails 
migrate directly to the far north, bypassing 
the prairies and parklands entirely. 
Redhead.-This diving duck had high- 
est densities in the parkland of the prairie 
provinces, the mixed forest of southern 
Saskatchewan, and the central Dakotas 
NORTHERN PINTAIL 
r r 
S a. s X a 
A XY B sk C U X, ,8 > _ _ z wiN)W / k \ . Ap s n 
m : T n ^ t: 
s --t2/ * -d C 
^s e . _k . ^ } ) - O 
W; . fi { 1 ti [ > ' 4 Z 
S CE W Lo - %C - , m 
__, f , W W- e 
/ I I L __ __ \ / o 
> 
t^l ;median r w/median r ;Uit median r _ median 
21 >0.60 >0*20, <0 40 :D >0.40 _ > ° 208 <° 2° a - el median r X Z median r 3 median r median r >0,40,<0.60 c0.20 >0.20,<0.40 <-0.20 e 
e 
3) correlation between species density and local pond counts, 1955-81; and (C) correlation between species 
/ X T J 5 -> 
( I t , 
B h i ghest quart i l e th i r d quar 
E second quarti le g lowest qux 
Fig. 10. (A) Average species density by stratum, 1955-81; (e 
density and total pond counts, 1955-81. 
- S 
- 
- - 
; 
r 
o 
o 
B highest quarti le thi rd quarti [e 
S second quarti le 2 lowest quartf le 
Ct 
median r median r ,amedian r I Imedian r 
E251 >0 60 EJ >0 20 co.40 L<J xo.40 1 1 >-0.20 <Q 20 
_ _ . _ 
w . 
gq median £ 1 median r g | medlan £ median r t wo.40,c0.60 cQ.20 : 1 >0.20,<0*40 c-0.20
Fig. 11. (A) Average species density by stratum, 1955-81; (B) correlation between species density and local pond counts, 1955-81; and (C) correlation between species 
density and total pond counts, 1955-81. 
REDHEAD 
BREEDING DISTRIBUTIONS OF DUCKS-Johnson and Grier 27 
(Fig. 11A). Average densities tended to de- 
cline steadily with distance from these 
areas. 
Most redheads winter along the coast of 
the Gulf of Mexico (Bellrose 1980). About 
90% of them return to the major breeding 
ground along southern corridors. 
Correlations between densities of this 
species and local ponds were mostly low (Table 3), including strata with highest 
redhead ensities (Fig. 11B). 
Redheads responded positively to total 
ponds in only a few strata in the southern 
prairie provinces and in south-central 
North Dakota (Fig. 11C). Negative cor- 
relations were calculated for several strata 
in the northern part of its range and in 
east-central Montana. In spite of low cor- 
relations with local wetland counts, red- 
heads were less common in these strata 
when total pond numbers were high. 
Redheads appear to be strongly philo- 
patric (Table 4), which may also contrib- 
ute to the weakness of the relation between 
local pond counts and numbers of red- 
heads. Hochbaum (1946) suggested that 
the redhead as a diving duck, was a poor 
pioneer. McKnight (1974) disagreed, cit- 
ing a rapid buildup of redheads in newly 
impounded marshland in Utah. 
Redhead ensities did not relate closely 
to local pond counts, possibly because they 
prefer the more stable semipermanent 
wetlands, which lluctuate less in numbers 
than do temporary and seasonal ponds. 
Moreover, the strength of associations with 
pond numbers did not display a latitudinal 
gradient (Fig. 11B). Thus, some redheads 
seem to respond to pond conditions en- 
countered on their northward flight, but 
most migrate to their primary range. If 
wetland conditions there are not suitable, 
they continue northward (see Hansen 1960) 
or retreat into Montana. 
Canvasback.-The canvasback was most 
common in the parkland region and in 
several northern strata (Fig. 12A). Densi- 
ties declined with distance away from the 
primary breeding area. 
About half of the canvasbacks winter in 
eastern states and about a fourth of the 
population winters in the west. The re- 
mainder are distributed in southern states 
(Bellrose 1980). Roughly 75% of returning 
canvasbacks enter the breeding ground via 
the southern portal or a southeastern one 
in the eastern Dakotas; about 25% use the 
western corridor or fly directly to areas in 
the north. 
Correlations with local pond densities 
had a median of 0.192 (Table 3) and were 
consistent across much of the surveyed 
area, including some strata in which can- 
vasbacks were not common (Fig. 12B). In 
Manitoba, correlations were low, despite 
high densities of the species. In general, 
there was no relation between correlation 
coefficients and average canvasback den- 
sities. 
Canvasback densities were positively as- 
sociated with total ponds mostly in central 
Alberta, southern Saskatchewan, and 
southwestern Manitoba (Fig. 12C). Cor- 
relations were negative in several strata of 
the north and in central Canada. 
Canvasbacks are strongly philopatric 
(Table 4). To some extent, canvasbacks ap- 
pear to occupy habitat as it is encountered, 
although strong homing tends to maintain 
populations in the primary portion of their 
breeding range. Displacement is primarily 
to strata in the north and northwest (Fig. 
12C). Dry conditions in the prairie and 
parkland tended to increase canvasback 
numbers in the northern and northwestern 
strata. Hansen (1960) also reported over- 
flight by this species. 
Lesser Scaup. The distribution of 
scaup was very different from the other 
species, with highest densities attained in 
the north and in 2 strata mostly in Mani- 
toba (Fig. 13A). Scaup were uncommon 
south of Canada. Although aerial observers 
cannot distinguish lesser scaup from great- 
er scaup (Aythya marila), it appears that 
greater scaup predominate in coastal strata 
of Alaska and the Northwest Territories 
(strata 1, 8, 9, 10, 11, and 13), whereas 
most of the scaup (an estimated 82%) in 
the interior strata are lesser scaup (Bellrose 
1980, Boyd 1983). Nonbreeding lesser 
scaup may summer far south of their cus- 
tomary breeding areas (Wetmore 1920); 
therefore, the distribution suggested by the 
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aerial surveys may not be the true breed- 
ing distribution. Also, lesser scaup migrate 
late in spring and may be counted in strata 
south of their ultimate destination (A. D. 
Afton, pers. commun.). 
Lesser scaup winter mostly along the 
Atlantic and Gulf coasts (Bellrose 1980). 
The fraction of them returning through 
the southern portal to the breeding rounds 
probably exceeds 90%. Greater scaup win- 
ter along the coasts of both oceans, and 
sparingly in the Gulf of Mexico and the 
Great Lakes (Bellrose 1980). Their pri- 
mary migration pathways are either along 
the Pacific Coast or northwestward across 
the Great Lakes. 
Correlations between scaup densities and 
counts of local ponds were low (Table 3). 
The highest values were calculated for 9 
strata in the southern part of the surveyed 
area, none of which had large numbers of 
scaup (Fig. 13B). This pattern of correla- 
tions may reflect the presence of non- 
breeding scaup in the southern part of the 
area, alluded to above. 
Lesser scaup tended to correlate posi- 
tively with total ponds in many strata in 
central and southern Canada and the 
United States (Fig. 13C), including many 
strata in which the species was not com- 
mon. Negative correlations were found 
only in 3 northern strata and 1 in Mani- 
toba, strata that contained large numbers 
of scaup in most years (Fig. 13A). 
Lesser scaup are strongly philopatric (Table 4) and only somewhat affected by 
local wetland conditions. Nonetheless, the 
strata showing highest correlations with 
pond counts are south of the primary range 
of the species (Fig. 13A), indicating that 
some birds, perhaps nonbreeders, fill the 
habitat as they encounter it. Displacement 
appears to be to the northwest and possibly 
to the east. 
General Patterns.-These 10 species 
have highest densities mostly in the prairie 
and parkland of southern Canada. Gad- 
wall and blue-winged teal had distribu- 
tions centered somewhat more to the south; 
American wigeon, green-winged teal, pin- 
tail, and scaup had more northern ones; 
and the canvasback was centered north- 
ward and eastward. During migration, 
nearly all gadwalls, blue-winged teal, red- 
heads, and scaup enter their primary 
breeding ranges from the south. These cor- 
ridors are taken by about 75% of green- 
winged teal, mallards, and canvasbacks, 
and by about 60% of American wigeons 
and northern shovelers. Only about 40% 
of returning northern pintails use the 
southern corridor. 
Overall, species densities tended to cor- 
relate positively with pond densities in the 
same transect. This relation was strongest 
among pintails, but also pronounced in 
mallards, blue-winged teal, and shovelers. 
Three species, American wigeon, north- 
ern shoveler, and northern pintail, tended 
to have higher correlations with ponds in 
those strata where each species was most 
abundant. These species also were the ones 
that made less use of the southern portal 
to the breeding range. 
Pintail densities were more closely re- 
lated to total ponds than the other species, 
with strong positive correlations in the 
southern prairie provinces and in the north- 
central states, and negative correlations in
the northern strata. The shoveler and mal- 
lard exhibited similar, but slightly weaker, 
relations. Several species gadwall, wi- 
geon, blue-winged teal, redhead, and less- 
er scaup displayed negative correlations 
in 1 or more strata in the southern part of 
their primary range, suggesting that these 
strata may be the destination of drought- 
displaced birds. 
Homing rates were highest for the red- 
head, canvasback, and lesser scaup; mod- 
erately high for the mallard, gadwall, 
American wigeon, and northern shoveler; 
and lowest for the blue-winged teal. Little 
is known about homing by the pintail, and 
no information isavailable for the green- 
winged teal. 
Relations with Life History 
Characteristics 
Values of the 2 indices of life history 
characteristics and their average are pre- 
sented in Table 5. As predicted, the neg- 
ative of the first index and the other index 
varied together (r = 0.683, P = 0.03). Be- 
cause these indices covary, it is reasonable 
Table 5. Indices to life history characteristics: average per- 
manence values of ponds used by species, median correlation 
coefficient with pond densities, and average index. 
Pond per- Median 
manence correlation 
Species indexa with ponds Average 
Northern pintail -0.296 0.547 0.126 
Mallard -0.310 0.417 0.053 
Blue-winged teal -0.325 0.390 0.032 
Northern shoveler -0.340 0.388 0.024 
Gadwall -0.336 0.228 -0.054 
Green-winged teal -0.310 0.199 -0.056 
American wigeon -0.334 0.143 -0.100 
Canvasback -0.393 0.192 -0.100 
Redhead -0.384 0.154 -0.115 
Lesser scaup -0.389 0.145 -0.122 
a From Stewart and Kantrud (1973); average permanence (cropland 
ponds = 2, seasonal ponds = 3, semipermanent ponds and reservoirs = 
4) times-0.1. 
the wintering rounds or during spring mi- 
gration. Because habitat needs during the 
breeding season are less critical for males 
than for females, there is relatively little 
advantage to males in homing to familiar 
sites. Instead, the male follows the homing 
female (McKinney 1965). Greater philo- 
patry by females also is generally consis- 
tent with the prediction of Greenwood's (1980) hypothesis and the social structure 
of duck populations. The female does not 
select a mate on the basis of the quality of 
his territory. Accordingly, Greenwood's (1980) hypothesis predicts that females are 
more likely to home than males. 
For the mallard, gadwall, and northern 
shoveler, at least, there is evidence that 
hens that are successful in hatching aclutch 
are more prone to home than those that 
are not (Doty and Lee 1974; Mihelsons et 
al. 1986; J. T. Lokemoen, H. F. Duebbert, 
and D. E. Sharp, Reproductive strategies 
of prairie mallards, gadwalls, and blue- 
winged teal, unpubl. manuscript, U.S. Fish 
and Wildl. Serv., Jamestown, N.D.). This 
phenomenon could be viewed as a "play- 
the-winner" approach to settling in a hab- 
itat; there is no advantage to be gained by 
changing a habitat hat has been success- 
ful. In fact, some studies have shown in- 
creased reproductive success among birds 
that used nest sites in which they were 
previously successful (Dow and Fredga 
198S, Blancher and Robertson 1985). 
Contrasting the 10 species, homing seems 
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to combine them into a single measure 
corresponding to the r- and K-continuum. 
Average indices indicate that the pintail, 
mallard, blue-winged teal, and shoveler 
show the most features associated with un- 
predictable environments (i.e., are the most 
r-selected). Gadwall, American wigeon, 
and green-winged teal are intermediate, 
and the diving ducks are most associated 
with predictable environments (i.e., are to- 
ward the K-selected end of the contin- 
uum). 
DISCUSSION 
Settling Patterns 
We found evidence that ducks exhibit 
all 3 of the hypothesized patterns of set- 
tling. Our literature review suggested that, 
within species, homing was more preva- 
lent among adult females than among 
males (for the few species in which males 
have been studied) or yearlings. That adult 
females are more philopatric than adult 
males is consistent with the seasonal mo- 
nogamy of these species and the greater 
role of the female in parental care (Rohwer 
and Anderson 1988); male dispersal may 
be largely a consequence of when and 
where the ducks form pair bonds. Because 
of differences in parental care, the repro- 
ductive success of males is limited by ac- 
cess to fertilizable females, whereas the 
reproductive success of females is limited 
by environmental resources needed for re- 
production. Because females spend far 
more time than males at nests and with 
young, they are exposed to greater pre- 
dation risk (Sargeant 1972, Sargeant et al. 
1984), which subsequently results in a pre- 
ponderance of males in the population (Johnson and Sargeant 1977). Thus, all fe- 
males can generally find a mate, and se- 
lection should favor those that are best able 
to find quality breeding habitat, which in- 
cludes secure nest sites and access to food 
during egg laying and incubation. Females 
may tend to home because familiarity with 
a breeding area should facilitate access to 
both food and a secure nest site. For males, 
not all of which can mate, the selective 
pressure to obtain a female confers an ad- 
vantage to pairing as early as possible, on 
2 WILDLIFE MONOGRAPHS 
most prevalent among redhead, canvas- 
back, lesser scaup, mallard, gadwall, 
American wigeon, and shoveler. These 
species generally use more stable wetlands 
than the others (Smith 1971, Stoudt 1971, 
Stewart and Kantrud 1973); their use of 
these more stable habitats would predict 
a greater homing tendency (e.g., Wiens 
1976). 
All species exhibited opportunistic set- 
tling to some extent, in that their numbers 
fluctuated with pond numbers. Such 
movement is especially important in spa- 
tially heterogeneous habitats (Gauthreaux 
1982), such as wetlands in the prairie, 
where drought is often a local phenome- 
non. Most notable as opportunists were 
pintail, blue-winged teal, mallard, and 
shoveler. Opportunism is favored when 
habitat conditions are unpredictable from 
1 year to the next. The species using the 
least predictable wetland habitats is the 
pintail, which also is the species most 
strongly correlated with pond counts. Div- 
ing ducks, at the other extreme, use more 
predictable wetlands; correspondingly, 
these species were less closely tied to pond 
counts. More conclusive vidence for op- 
portunism is a pattern of strongest corre- 
lations with pond counts in strata first en- 
countered by returning birds in the spring. 
This pattern was apparent for American 
wigeon, green-winged teal, and canvas- 
back and was pronounced for gadwall, 
shoveler, and pintail. 
Flexible settling, indicated by overflight 
in dry years, was shown by most species 
when appropriate. Drought displacement 
was generally to the north or northwest, 
as suggested earlier by Hansen and 
McKnight (1964), Crissey (1969), and 
Smith (1970). Some overflight to the north- 
east was indicated for mallard, gadwall, 
blue-winged teal, green-winged teal, red- 
head, and canvasback. For American wi- 
geon, many of which enter from the west, 
drought displacement o the east and 
southeast was seen. 
Filling the Habitat 
Nudds (1978, 1983) suggested that the 
habitat of ducks becomes filled first closest 
to wintering rounds, which is consistent 
with predictions of Fretwell and Lucas (1969). Nudds cited unpublished work of 
H. A. Kantrud, who found that correla- 
tions between pond density and density of 
breeding-duck pairs decreased with in- 
creasing latitude. That result, however, was 
based on counts of all species combined. 
In contrast, he 10 species examined in this 
report filled the habitat somewhat differ- 
ently. Four of them gadwall, green- 
winged teal, canvasback, and lesser 
scaup did display a latitudinal decline in 
correlation with pond numbers, although 
none of these species was closely associated 
with pond counts. The 3 species that win- 
ter in large numbers in the western states- 
American wigeon, northern shoveler, and 
northern pintail- showed high correla- 
tions with pond numbers in southwestern 
strata, and the latter 2 did in several south- 
ern strata as well. Although it is possible 
that many birds actually home but then 
backtrack to areas encountered earlier in 
migration, it seems clear that large seg- 
ments of the populations ofthese 7 species 
respond to pond conditions as they en- 
counter them. 
The remaining species mallard, blue- 
winged teal, and redhead appear to re- 
spond more directly to wetland conditions 
in the primary portion of their breeding 
ranges, as is evident from highest corre- 
lations with pond numbers there. These 
findings fit the ideal-free distribution mod- 
el of Fretwell and Lucas (1969), who pre- 
dicted that the "most suitable" habitat fills 
first and that some individuals are forced 
to less suitable habitats. For several species 
of ducks, the most suitable habitat may 
not be that closest to wintering areas, as 
Nudds (1978) conjectured, but rather that 
habitat in the primary part of the breeding 
range. 
Relations to Life History 
Characteristics 
We found that 2 independent indices to 
suites of life history characteristics (these 
can be equally considered as indices of r- 
and K-selection) varied together. Average 
values indicated that pintail, mallard, blue- 
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among duck species is best made in terms 
of annual survival rates, which can be es- 
timated from long-term banding studies. 
D. H. Johnson, J. D. Nichols, and M. D. 
Schwartz (Breeding dynamics of ducks, 
unpubl. manuscript resented at Ecol. and 
Manage. of Breeding Waterfowl Symp., 
Winnipeg, Manit., Canada, 18-22 Aug 
1987) reviewed studies that used modern 
statistical methods of estimating survival 
rate. They found some variation among 
species, but not all of the 10 species had 
been studied, and estimates available per- 
tained to different geographic areas, time 
periods, and banding seasons, making them 
difficult to compare. Moreover, all studied 
populations had been subjected to recre- 
ational hunting, so that estimates may no 
longer reRect survival rates under condi- 
tions to which the species had adapted. 
Comparisons of reproductive effort 
among species are often made on the basis 
of age at first reproduction and clutch (or 
litter) size. For waterfowl, total number of 
eggs laid during a breeding season is more 
relevant han clutch size because it takes 
differing renesting probabilities into ac- 
count. 
We reviewed Palmer (1976) and Bell- 
rose (1980) for information on age at first 
reproduction. The 4 species we indicated 
were most r-selected (pintail, mallard, blue- 
winged teal, and shoveler) typically breed 
as yearlings, as does American wigeon, an 
intermediate species. Of the other 2 inter- 
mediate species, the gadwall often defers 
breeding until its second year, and no in- 
formation was presented on the green- 
winged teal. Large numbers of the 3 most 
K-selected species canvasback, redhead, 
and lesseer scaup do not breed until they 
are 2 years old. Thus, age at first repro- 
duction parallels the other attributes of r- 
and K-selection that we examined. 
Total eggs laid in a breeding season is 
more difficult to address because it in- 
volves clutch size and the number of nest- 
ing attempts made. Further, clutch size 
typically declines with later nesting at- 
tempts, and both clutch size and proba- 
bility of making a nesting attempt depend 
on the condition of the breeding bird and 
its habitat (D. H. Johnson, J. D. Nichols, 
winged teal, and shoveler have the most 
features associated with unstable or un- 
predictable environments. Gadwall, 
American wigeon, and green-winged teal 
were intermediate, and attributes of the 
diving ducks were associated with the use 
of stable or predictable nvironments. 
The conclusions of 3 other studies are 
consistent with ours. For one, Patterson (1979) suggested that high correlation coef- 
ficients between duck numbers and pond 
numbers in the Canadian prairie and park- 
lands indicated an opportunistic response 
to habitat conditions associated with r-se- 
lection. He also determined correlations 
between changes in duck numbers and the 
previous population count, large positive 
correlations interpreted as evidence for 
competitive self-regulation associated with 
K-selection. He concluded that, among 
these 10 duck species, the mallard, blue- 
winged teal, pintail, and shoveler were 
r-selected dabblers. American wigeon, 
gadwall, and green-winged teal were K- 
selected dabblers, and redhead, canvas- 
back, and lesser scaup were further along 
the spectrum toward K-selection. 
Bailey (1981) compared mallard and 
canvasback life histories with data gath- 
ered in Saskatchewan byStoudt (1971). He 
concluded that the mallard was more of 
an r-selected species than the canvasback, 
in that the mallard responded more op- 
portunistically to improving habitat and 
acocepted a greater risk of reproductive 
failure. 
Finally, Vickery and Nudds (1984) tested 
for density-dependent relations in duck 
populations on study areas in Alberta nd 
Saskatchewan. They found that gadwall, 
northern shoveler, redhead, canvasback, 
and lesser scaup showed some density de- 
pendence, characteristic of K-selection. 
The remaining 5 species did not. 
It would be worthwhile also to array the 
10 species according to other associates of 
r- and K-selection, notably longevity and 
reproductive ffort. Species considered 
more r-selected tend to have shorter life- 
spans but higher fecundity; K-selected 
species typically live longer but produce 
fewer young (e.g., Pianka 1974). 
A comparison of ecological ongevity 
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and M. D. Schwartz, Breeding dynamics 
of ducks, unpubl. manuscript resented at 
Ecol. and Manage. of Breeding Waterfowl 
Symp., Winnipeg, Manit., Canada, 18-22 
Aug 1987). Keith (1961) estimated for an 
Alberta study area both clutch size and 
numbers of nests per female. We used the 
product of those 2 values as an estimate of 
total eggs laid (except for the canvasback, 
which had limited sample size, and pintail 
and American wigeon, which Keith 
thought were not adequately represented). 
For the 7 remaining species, total esti- 
mated egg production was correlated with 
our index of r- and K-selection (r = 0.705, 
P = 0.077; Table 5). 
The analyses we present, the other evi- 
dence we review, and the reports of Pat- 
terson (1979), Bailey (1981), and Vickery 
and Nudds (1984) do not justify any causal 
implications, but suggest an association 
among certain life history features, in- 
cluding the predictability of favored hab- 
itats. 
Management Applications 
Effective management of waterfowl 
populations i enhanced by a basic under- 
standing of the distributions of the birds 
and the factors that affect those distribu- 
tions. On a continental basis, for example, 
much effort is expended in attempts to 
estimate the size of each year's breeding 
population of key species of ducks. Wa- 
terfowl surveys to obtain such estimates 
are labor-intensive and costly. Conversely, 
extensive habitat information may be 
gathered inexpensively with satellite im- 
agery, as a by-product of other activities. 
By knowing how ducks distribute them- 
selves in response to habitat conditions, es- 
pecially those of wetlands, surveys could 
be designed in a more optimal fashion. 
Sampling intensity could vary annually to 
place more effort in strata where the hab- 
itat information predicts the presence of 
more ducks, for example. Results pre- 
sented in this report will be useful in plan- 
ning extensive waterfowl surveys, but they 
also warn that the 10 species vary, so that 
an optimal design must be a compromise 
among the species of interest. 
Even without new information, such as 
satellite imagery providing habitat con- 
ditions, an understanding of the factors 
that determine duck distributions can im- 
prove estimates of duck numbers. Johnson (1981, 1986) showed how auxiliary infor- 
mation could be employed to develop es- 
timators, known as empirical Bayes esti- 
mators, that averaged 20% more accurate 
than customary estimators. Auxiliary in- 
formation took 1 of the following 3 forms: 
counts of a given species in a particular 
stratum during previous years, the pond 
count in that stratum during the year of 
the survey, and the total number of ponds 
with water within the pond-surveyed area. 
Although the previous count was generally 
an effective form of auxiliary information, 
estimates for some species in some strata 
were better with either the local or con- 
tinental pond count. These differences 
among species and strata corresponded to
findings of this report. 
One of the main purposes of estimating 
breeding populations ofducks is to predict 
the fall flight so that hunting regulations 
can be established consistent with antici- 
pated numbers of available ducks. For any 
species, the fall flight depends on the size 
of the breeding population and its pro- 
ductivity. Productivity inturn depends on 
several factors and is variable from area 
to area and from year to year. Again, an 
understanding of the distribution ofbreed- 
ing ducks is important in predicting their 
productivity. For example, greater pro- 
ductivity may be expected if most mal- 
lards are dispersed across breeding habitats 
in the prairies and parklands, and if pond 
conditions there are good, than if they are 
displaced to more northern strata. Results 
in this report can be used to refine pre- 
dictions beyond such obvious generalities. 
On a long-term basis, there is much in- 
terest in knowing whether populations of 
ducks are increasing, fluctuating about 
some long-term mean, or declining. De- 
termining trends is not as straightforward 
as it would seem because of the variable 
distributions of the species and the fact 
that numbers of ducks are related to num- 
bers of ponds with water. Analyses like 
those included here can help clarify the 
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situation. A study of mallard trends was 
presented by Johnson and Shaffer (1987). 
Considering more local situations, uch 
as a wetland manager might deal with, it 
is equally important o understand how 
ducks distribute themselves. This infor- 
mation will help assess the ef:fects of on- 
the-ground management practices. For 
example, it may be feasible to attempt o 
develop a large breeding population of 
diving ducks or some other species with 
high rates of homing by attracting pairs 
and ensuring high production. Surviving 
adult females and many of their female 
offspring would be likely to return to the 
area, if the breeding habitat were stable 
from year to year. This effort would be 
less likely to succeed if directed toward 
northern pintails or blue-winged teal, how- 
ever, because of their reduced homing ten- 
dencies. The development of attractive 
wetlands in southern parts of the breeding 
range would more likely attract these 
species. 
Beyond their efforts to improve duck 
habitats and populatiorls, managers can fill 
a vital scientific role. Most of their man- 
agement activities can be viewed, not only 
as a positive action for the ducks, but as a 
scientific test. Theories uch as presented 
here generate predictions of responses to 
specific changes. They can be applied to 
the manager's actions and results used not 
only to evaluate the impact on the duck 
populations, but also to evaluate the sci- 
entific theory. We hope that this report 
not only provides ome guidance for man- 
agers, but stimulates actions that will test 
its predictions. 
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